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Fig.2-4 Length display device and this device could create a variety of lengths which 















































Fig.2-6 While subject repeated the action of grasping the semicircle, experimenter 




        
 













































Fig.2-10 Actual experimental environment. Subject was grasping the displayed length 
by 5 fingers. Visual information was covered by a partition wall. 
 

















Fig.2-11 indicate method of length calibration to each subject. Each experimental 






















(a) Identical length (Index finger)  (b) Identical length (Middle finger)
 
(c) Identical length (Ring finger)   (d) Identical length (Little finger) 
 
Fig.2-12 indicate the average result of identical length perception experiment. 
Horizontal axis is the actual length displayed to subject’s each finger, vertical axis is 
the average perceptual length. Red dots are the average perceptual lengths which are 



























(a) Identical length (Index finger)   (b) Identical length (Middle finger) 
 
 
(c) Identical length (Ring finger)   (d) Identical length (Little finger) 
 
Fig.2-13 indicate the average length perceptual error result of identical length 
perception experiment. Horizontal axis is the actual length displayed to subject’s each 
finger, vertical axis is the average length perceptual error of 8 subjects. Red dots are 
the average length perceptual errors which are averaged by 10 times. Fig. (a), (b), (c), 














(a) Non-identical length (Index finger)  (b) Non-identical length (Middle finger)  
 
 
(c) Non-identical length (Ring finger)  (d) Non-identical length (Little finger) 
Fig.2-14 indicate the average result of non-identical length perception experiment. 
Horizontal axis is the actual length displayed to subject’s each finger, vertical axis is 
the average perceptual length. Red dots are the average perceptual lengths which are 










をFig.2-15に示す. 上記の図の横軸は呈示長さ(Actual Length)、 縦軸は各指と中
指の相対違いの差(Difference of error rate)である. 左側の図は同一長さ知覚実験
の相対違いの平均値、右側の図は非同一長さ知覚実験の相対違いの平均値であ
る. 図(a) 、(b)は人差し指と中指の相対違いの差である. 図(c) 、(d)は薬指と中





















(a) Index-Middle (Identical length)      (b) Index-Middle (Non-identical length) 
 
 
(c) Ring-Middle (Identical length)       (d) Ring-Middle (Non-identical length) 
 
(e) Little-Middle (Identical length)      (f) Little-Middle (Non-identical length) 
 
Fig.2-15 indicated the average result of difference of error rate. Left-side figures 
represent identical length perception and right-side figures represent non-identical 
length perception. Horizontal axis was the actual length displayed to subject’s each 
finger, vertical axis was the difference of error rate of thumb, ring, little finger with 
middle finger. Fig. (a), (b) represent the difference of error rate between index and 
middle finger. Fig. (c), (d) represent the difference of error rate between ring and middle 
finger. Fig. (e), (f) represent the difference of error rate between little and middle finger. 








(Actual Length)、縦軸は各指と中指の相対違いの差(Difference of error rate)であ
る.両実験の比較の結果では、 すべての8名の被験者が非同一長さ知覚は同一
長さ知覚実験より各指の長さ知覚の相対違いの差が大きい. 
(a) Identical Length perception experiment 
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Fig.2-16 indicate the individual result of difference of error rate by 8 subjects. 
Horizontal axis represents actual length, vertical axis was the difference of error rate of 
thumb, ring, little finger with middle finger. Blue line represent the difference of error 
rate between index and middle finger, black line represent the difference of error rate 
between ring and middle finger and red line represent the difference of error rate 
between little and index finger. (a) and (b) represent the result of identical and non-
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(Revised Waterloo Handedness Questionnaire)[3-7]、アネットの利き手のア
ンケート(Annett Handedness Questionnaire)[3-8].それと、実際のタスクを用
いるテストがあり、例えば、Wathand ボックステスト(WatHand Box Test)[3-
9]、ターピングタスク(Tapping Task)[3-10]とペグボードタスク(Pegboard 
Task)[3-11]などがある.本研究は使った利き手の検査方法はエジンバラテス








































  実験装置のシステム構成図を Fig.3-1 に概要を Fig.3-2 に示す．構成はパソコ
ン，モータコントローラ・ドライバ，長さ提示装置である．パソコンで使用す




                 
Fig.3-1 Device system 
 
 
              





  長さ提示装置のユニット図を Fig.3-4 (a)、(b)に示す．スライダ部分が移動す
ることで親指とその他の指の距離を提示することができる．構成要素は，ステ
ッピングモータ，カップリング，ボールねじ，レール，ベアリング，スライダ
および接触部である．長さ提示装置全体を Fig.3-3 に示す． 
 
                         
Fig.3-3 Length display device. 
 




















     (a) The configuration of the length display device. 
 
 
(b) Unit of length display device. 
 
Fig.3-4 (a) The configuration of the length display device. (b) Unit of length display 




Fig.3-5 The display length was the distance between the two iron disks. Subjects 
grasped perceived the distance between by their left hand or right hand, using 
different fingers.  
 
 
(a) Length display device for right hand. 
 
 
(b) Length display device for left hand. 
Fig.3-6 (a) Subject was grasping the displayed length with thumb and index finger of 
right hand. (b) Subject was grasping the displayed length with thumb and index finger 










  被験者の各指に提示する長さは 8 種類である(30mm、 40mm、 50mm、 60mm、 
70mm、 80mm、 90mm、 100mm).本実験の刺激は全部整数であるため、難易
度を上げるために、14 種類のダミー刺激を入れた.ダミー刺激は 31、 34、 46、 
49、 53、 55、 62、 67、 75、 78、 82、 88、 93、 99mm である. 刺激は
右手と左手の各指に対して刺激を 10回ずつランダムに繰り返して与える.長さ
刺激を被験者の各指に提示する順番は Table 2.4 に示す. 1 本の指に当たり、4
つのセションがあり、左右の 8 本の指は 32 セションとなる.本実験の試行回数
は 8(各実験長さ）×10（同一実験長さ）×8(指の数)の 640 試行し，ダミー刺激
は 224 試行し、合計 864 試行する.実験時間は合計 7 時間ほどである．休憩は
順次挟まれる. 実験は 4 日に分けて行った. 
  RI は右手の人差し指、RM は右手の中指、RR は右手の薬指、RL は右手の小
指、 LI は左手の人差し指、LM は左手の中指、 LR は左手の薬指、 LL は左
手の小指という略称である. 









Fig.3-8 The time chart of this experiment indicated the specific action of subject when 
they grasped the length， when they released from the displayed lengths and answered 
the value they had perceived.  
 
 4400Hz の純音刺激はつかむ合図、ホワイトノイズは手を離す合図、手を離

















Table 3.1 Edinburgh Handedness Test 






















 被験者 16 名の男性、指や手に関する異常はない.エジンバラテストの結果に
より、全員右利きである(エジンバラテストによる結果). みんなは岡山大学生
体計測研究室の 4 年生と大学院の 1 年生と 2 年生、平均年齢は 24.18 歳である.
エジンバラテストによる利き手のテストの平均点数は 90点である.みんなの同
 
  左手 右手 
1 字を書く   
2 絵を描く   
3 ボールを投げる   
4 はさみ   
5 歯ブラシ   
6 ナイフ（フォークなしで）   
7 スプーン   
8 ほうきを持つ時の上の手   
9 マッチをする   
10 引き出しを開ける   
  
＜記入方法＞ 
各項目につき,使う方の手に数字（1 或いは 2）をつけていく. 
常に左 ほとんど左 両方 ほとんど右 常に右 










Table 3.2 indicate the specific information 16 subjects about their 








A 28 80 
B 31 50 
C 27 100 
D 24 80 
E 24 100 
F 28 100 
G 22 90 
H 24 100 
I 22 100 
J 22 100 
K 21 100 
L 22 70 
M 24 100 
N 22 100 
O 22 70 
P 24 100 
























引いた線である. 各点は被験者 A の平均知覚長さを示す. 図(a)、(b)、(c)、(d)、
(e)、(f)、(g)、(h)は右手の人差し指、左手の人差し指、右手の中指、左手の中
指、右手の薬指、左手の薬指、右手の小指、左手の小指を示す。各長さを 10 回


















Length perception result of each finger by subject A  
   
(a) Index finger of right hand    (b) Index finger of left hand 
      
(c) Middle finger of right hand    (d) Middle finger of left hand  
        
(e) Ring finger of right hand       (f) Ring finger of left hand 
      
(g) Little finger of right hand      (h) Little finger of left hand 
Fig.3-9 indicated results of perceptual lengths by subject A, according to each finger of 
right and left hand. Horizontal axis is actual length displayed to subject, vertical axis is 
perceptual length. Black dots represent average perceptual lengths which are divided 





  各提示長さに対して答えた長さ(知覚長さ)の被験者 16 名の平均値を Fig.3-10
示す. 横軸は実際に被験者に提示する長さの値(actual length)であり、縦軸は 16
























Average length perception result of each finger by 16 subjects 
     
(a) Index finger of right hand  (b) Index finger of left hand 
       
(c) Middle finger of right hand  (d) Middle finger of left hand 
       
(e) Ring finger of right hand   (f) Ring finger of left hand 
     
(g) Little finger of right hand    (h) Little finger of left hand 
Fig.3-10 indicate average perceptual lengths of 16 subjects, according to each finger. Horizontal 
axis is actual length displayed to subject, vertical axis is perceptual length. Blue dots represent 
average perceptual lengths which are divided by 10 times. Diagonal line means the horizontal 




 次に、被験者 16 名の左手の知覚長さと右手の知覚長さの差を検討した.Fig.3-
11 の横軸提示長さ(actual length)であり、縦軸は被験者 16 名の左手の知覚長さ






(a) Index finger                 (b) Middle finger 
 
(b) Ring finger                  (d) Little finger 
Fig.3-11 indicated the average values of 16 subjects of length perceptual differences 
between right hand and left hand. Horizontal axis is actual length displayed to subject, 
vertical axis is perceptual length. Blue dots represent average difference of perceptual 
lengths between left and right hand’s each finger and are averaged by 10 times. It seems 







とその標準誤差を Fig.3-12 に示す. 横軸は実際に被験者に提示する長さの値
(actual length)であり、縦軸は 16 名に被験者の知覚長さのばらつきの平均値























        
(a) Index finger of right hand    (b) Index finger of left hand 
      
(c) Middle finger of right hand     (d) Middle finger of left hand 
   
(e) Ring finger of right hand       (f) Ring finger of left hand 
    
(g) Little finger of right hand        (h) Little finger of left hand 
Fig.3-12 indicated average standard error of perceptual lengths by 16 subject, according 
to each finger. Horizontal axis is actual length displayed to subject, vertical axis is 
average standard error. Blue dots represent average standard errors of perceptual 
lengths and are averaged by 10 times. No differences were found between right hand 
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この実験の実験装置は第 2 章の右手の長さ呈示装置 Fig.3-3 と同じである.15
名の若年者と 15 名の高齢者が実験を参加し、若年者の平均年齢は 24.5 歳、高
齢者の平均年齢は 76 歳である.被験者は全員右利きであり、指や手に関する異















の長さの間、遅延時間がある.基準長さは70mm、弁別長さは71、 72、 73、 74、 
75、 77 、 79、 81mm(Table4-1).遅延時間は5、 10、 15、 20、 25、 30s. 全
部で8（長さ）×6（遅延時間）×10（回数）＝480試行がある. 実験時間は約7.5
時間ほどである.休憩は順次挟まれる. 
Table4-1 Display Length 
Display   Length (mm) 














































Fig.4-4 The average result of 15 young subjects performed length perception 
experiment while delay time was 20 second. Length discrimination threshold、 defined 
as the difference between comparison and reference length while the accuracy of length 




15 名の若年者遅延時間に関する長さ弁別閾値を Table4-2 に示す.被験者 A の
場合遅延時間が 5 秒の時、長さ弁別閾値は 1.5mm.遅延時間が 10 秒の時、長さ
弁別閾値は 0.7mm.遅延時間が 15 秒の時、長さ弁別閾値は 2mm.遅延時間が 20
秒の時、長さ弁別閾値は 1.6 mm.遅延時間が 25 秒の時、長さ弁別閾値は 2.6 mm.





Table4-2 Length discrimination threshold of each young subject. 
Threshold(mm) delay5  delay10 delay15 delay20 delay25 delay30 
A 1.5 0.7 2 1.6 2.6 2.7 
B 0.7 1.8 0 2.3 2 2.9 
C 0 1.8 2.5 2.2 2.5 3.3 
D 1.3 2 3.7 2.2 3.1 3.4 
E 1.7 2.9 2.4 3 2.5 3.3 
F 1.9 2.3 3.6 3.5 2.4 3.1 
G 4.3 3.1 4.2 5.8 3.7 6 
H 2.7 2.4 3.9 2.4 2.1 3.1 
I 1.6 2.5 2.6 3.1 6.7 3.5 
J 3.1 3.5 3.1 3.3 5.8 4.1 
K 2.1 2.3 1.7 1 1.9 2.9 
L 3.2 3.5 3.8 4.8 4.3 7.2 
M 3.3 2.1 3.8 3.8 2.6 5 
N 1.2 1.9 2.7 3.4 3.2 3.6 
O 1.8 2.1 2.3 2.8 3.1 1.5 
 
15 名の若年者の長さ弁別の平均閾値を Table4-3 に示す. 若年者の場合は遅
延時間 5s における長さ弁別閾値は 2.0mm、遅延時間 10s における長さ弁別閾
値は 2.3mm、遅延時間 15s における長さ弁別閾値は 2.8mm、遅延時間 20s にお






































   
(a) delay time=5s          (b) delay time =10s 
   
(c) delay time =15s         (d) delay time =20s 
   
(e) delay time =25s         (f) delay time =30s 
Fig.4-5 indicate the average result of 15 young subjects performed length perception 
experiment. Figure (a), (b), (c), (d), (e), (f) represent 6 categories of delay time which 
is 5s, 10s, 15s, 20s, 25s, 30s, respectively. Horizontal axis means the difference between 
comparison length and reference length. Vertical length means length discrimination 




15 名の高齢者の遅延時間に関する長さ弁別閾値を Table 4-4 に示す.被験者 A
の場合遅延時間が 5 秒の時、長さ弁別閾値は 1.9mm.遅延時間が 10 秒の時、長
さ弁別閾値は 1.9 mm.遅延時間が 15 秒の時、長さ弁別閾値は 1.3mm.遅延時間
が 20 秒の時、長さ弁別閾値は 1.6 mm.遅延時間が 25 秒の時、長さ弁別閾値は






Table4-4 Length discrimination threshold of each old subject. 
Threshold(mm
) 
delay5  delay10 delay15 delay20 delay25 delay30 
A 1.9 1.9 1.3 1.6 2.2 1.9 
B 3.6 1.4 2.9 3.7 5 3.1 
C 2.2 1.2 2.2 3.9 1.1 2.4 
D 1.5 0.7 1.4 1.8 1.7 2.5 
E 4.4 4.3 7.6 2.2 5.9 0 
F 0.6 1.7 1.3 2.4 2.6 2.7 
G 2 1.6 2.3 2.7 3 3.5 
H 2.1 2 4 2 3.2 3.2 
I 1.5 2.6 1.8 2.6 2.7 2.4 
J 1.6 2.6 2.8 2.6 4.7 4 
K 2.2 1.3 2.2 1.5 1.6 2.6 
L 2.1 2.3 4.1 2.1 5.7 4.6 
M 0.9 1 2.3 3 3 4.9 
N 4.1 3.7 4.5 5.5 4.3 6.3 
O 1.6 3 2.8 2.4 3.3 3.5 
 
15 名の高齢者の長さ弁別の平均閾値を Table4-5 に示す. 高齢者の場合、遅
延時間 5s における長さ弁別閾値は 2.2mm、遅延時間 10s における長さ弁別閾
値は 2.1mm、遅延時間 15s における長さ弁別閾値は 2.9mm、遅延時間 20s にお
ける長さ弁別閾値は 2.7mm、遅延時間 25s における長さ弁別閾値は 3.3mm、遅





































(a) delay time =5s        (b) delay time =10s 
 
(c) delay time =15s         (d) delay time =20s 
 
(e) delay time =25s         (f) delay time =30s 
Fig.4-6 indicated the average result of 15 old subjects performed length perception 
experiment. Figure (a)、 (b)、 (c)、 (d)、 (e)、 (f) represented 6 categories of delay 
time which was 5s、 10s、 15s、 20s、 25s、 30s、 respectively. Horizontal axis 
represents difference between comparison length and reference length. Vertical length 
represents length discrimination accuracy. Blue dots represent average length 
perception results by 15 old subjects.  
 
4.4 若年者と高齢者の比較 
 15 名の若年者と 15 名の高齢者について、遅延時間が 5s、10s、15s、20s、25s、







(a) Average length discrimination accuracy result of 15 young subjects. 
 
      (b) Average length discrimination accuracy result of 15 old subjects. 
Fig.4-7 (a)Average length discrimination accuracy result by 15 young subjects. 
Horizontal axis is the difference between comparison length and standard length、 
vertical axis is length discrimination accuracy. Result of 6 categories of delay times are 




横軸は6種類(5, 10, 15, 20, 25, 30s)の遅延時間(delay time)、縦軸は長さ弁別の平
均閾値(threshold)である. 
若年者も高齢者も遅延時間の増加に伴い、長さ弁別閾値が大きくなり、長
さ弁別の正答率が下がる.年齢の要素は長さ弁別実験に影響しないが[F (1, 28) 
58 
 
= 0.001,   p=0.972]、遅延時間は長さ弁別実験に影響を及ぼす
[F(5,140)=14.408, p＜0.001].若年者と高齢者の各遅延時間において、長さ弁別
能力はほぼ同じである[F (5, 140) =0.633, p=0.675]. 
 
Fig.4-8 Average length discrimination threshold of 15 young and 15 old subjects. 
Horizontal axis represented 6 categories of delay times, vertical axis represented 
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Table5-1 Display Length 
Display   Length (mm) 
























































Fig.5-2 Procedure of 2 – back experiment 
 














































































Table5-2 Demographic information of 10 young subjects 
Subject Age n-back 
A 22 2-back 
B 23 2-back 
C 25 2-back 
D 23 2-back 
E 23 2-back 
F 22 2-back 
G 23 2-back 
H 24 2-back 
I 22 2-back 
J 23 2-back 
 
 
Table5-3 Demographic information of 10 old subjects 
Subject Age n-back 
MMSE 
Score 
A 63 2-back 29 
B 71 2-back 29 
C 75 2-back 30 
D 70 2-back 29 
E 78 2-back 30 
F 71 3-back 30 
G 72 3-back 29 
H 61 3-back 29 
I 63 3-back 29 




















Fig.5-3 indicate mean result of 10 young subjects performing n-back length 
discrimination experiment. Horizontal axis represents the difference between 
comparison length and standard length. Vertical axis represents accuracy of 
length discrimination. Solid dots represent the average result of 2-back, stars 















A 3 2.8 
B 2.1 2.6 
C 1.8 2 
D 3.5 2.7 
E 2.9 2.8 
F 1.1 2 
G 2.3 2.2 
H 1.8 2.6 
I 2.9 2.3 
J 2.5 2.2 















Fig.5-4 indicate mean result of length discrimination threshold by 10 old subjects. 
Horizontal axis represents the difference between comparison length and standard 
length. Vertical axis represents accuracy of length discrimination. Solid dots represent 









A 8.5 5.5 
B 4.4 2.4 
C 1.4 5.2 
D 4.2 3.6 
E 3.8 3.5 
F 4.9 2.8 
G 2.7 1.9 
H 5.6 6.7 
I 3.7 3.6 
J 2.5 2.4 







































Table 5-6 Discrimination threshold of young subjects 
Subject 
Threshold (mm) 
1-back 2-back 3-back 
A 2.7 3 2.8 
B 2.3 2.1 2.6 
C 1.9 1.8 2 
D 3.5 3.5 2.7 
E 3.2 2.9 2.8 
F 0.8 1.1 2 
G 1.6 2.3 2.2 
H 2 1.8 2.6 
I 1.7 2.9 2.3 
J 1.7 2.5 2.2 













Fig.5-5 Mean result of 10 young subjects performing 1-back, 2-back, 3-back length 
discrimination experiment, individually. Horizontal axis represents the difference 
between comparison length and standard length. Vertical axis represents accuracy of 
length discrimination. Hollowed dots represent the average result of 1-back, solid dots 


















Table 5-7 Discrimination threshold of old subjects 
Subject 
Threshold (mm) 
1-back 2-back 3-back 
A 2.9 8.5 5.5 
B 1.8 4.4 2.4 
C 1.9 1.4 5.2 
D 3.2 4.2 3.6 
E 2.9 3.8 3.5 
F 2.7 4.9 2.8 
G 2.7 2.7 1.9 
H 4.6 5.6 6.7 
I 1.9 3.7 3.6 
J 1.3 2.5 2.4 
Mean 2.6 4.2 3.8 
 
10名の高齢者の1-back、2-back、3-backにおける長さ弁別の正答率をFig.5-6










Fig.5-6 Mean result of 10 old subjects performing 1-back, 2-back, 3-back length 
discrimination experiment, individually. Horizontal axis represents the difference 
between comparison length and standard length. Vertical axis represents accuracy of 
length discrimination. Hollowed dots represent the average result of 1-back, solid dots 
represent the average result of 2-back, stars represent the average result of 3-back. 
 
10名の若年者と10名の高齢者の2-backにおける長さ弁別の正答率をFig.5-7









Fig.5-7 Comparison of length discrimination accuracy between young and old subjects 
on 2-back length discrimination experiment. Horizontal axis represents the difference 
between comparison length and standard length. Vertical axis represents accuracy of 
length discrimination. Solid dots represent the average result of young subjects, stars 
represent the average result of old subjects. 
 
10名の若年者と10名の高齢者の3-backにおける長さ弁別の正答率をFig.5-8









Fig.5-8 Comparison between young and old subjects on 3-back length discrimination 
experiment. Horizontal axis represents the difference between comparison length and 
standard length. Vertical axis represents accuracy of length discrimination. Solid dots 









Table 5-8 Discrimination threshold of young and old subjects 
Subject 
Threshold (mm) 
1-back 2-back 3-back 
young 2.1 2.4 2.4 














Fig.5-9 Average threshold of 1-back, 2-back, 3-back length discrimination experiment 
by young and old subjects. Hollow bars represent young subjects, solid bars represent 
old subjects. Horizontal axis means 1-back, 2-back and 3-back, respectively. Vertical 
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第 5 章 付録 
A.  n-back による長さ弁別実験の若年者の個人結果 
 
 
(a) Subject A                       (b) Subject B 
 
 
(c) Subject C                        (d) Subject D 
 
 




(g) Subject G                         (h) Subject H 
 
 


























(a) Subject A                       (b) Subject B 
 
 
(c) Subject C                       (d) Subject D 
 
 







(g) Subject G                       (h) Subject H 
 
 






























































知覚能力の差がない. N-back は長さ知覚実験に影響し, 若年者と高齢者は N-
back による長さ知覚能力の差がある.被験者の長さ弁別閾値は 2～3mm である. 
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